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INVESTIGATION  OF  ULTRASONIC  WELDING 
OF  REFRACTORY  METALS  AND  ALLOYS 


ABSTRACT 


Both  power  and  clamping  force  associated  with  ultrasonio  welding  have 
been  successfully  programmed*  By  means  of  a  servo-controlled  hydraulic 
valve  in  the  clanging  force  system,  the  previously  reported  inadequate 
force  response  times  have  been  improved  and  are  now  adequate  for  carrying 
out  the  projected  welding  of  refractory  metals  with  this  improved  technique* 
Tentative  specifications  for  refractory  metals  of  reasonably  satisfactory 
quality  have  been  established* 
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IN7ESTIGAT10N  OF  ULTRASOMIC  WELDINQ 
OF  REFRACTORY  METALS  AND  ALLOYS 


The  ultrasonic  welding  cycle  involves  an  induction  period  wherein  the 
sonotrode  tip  slips  during  the  establishment  of  coupling,  and  an  interval 
wherein  tip  amplitude  may  decrease  as  the  weld  is  generated#  The  slip 
interval  produces  heat  that  is  probably  unnecessary,  and  the  interval  of 
amplitude  decline  seems  to  be  associated  with  high  cyclic  stresses  in  the 
weldment.  The  programming  of  power  and  clamping  force  will  operate  to 
reduce  power,  to  improve  control,  and  to  extend  the  utility  of  the  process# 
Thus,  the  work  here  discussed  is  concerned  with  power-force  programming 
and  with  the  specific  objective  of  joining  refractory  metals# 

The  division  of  the  work  and  development  effort  is  presented  in  the 
program  control  chart  included  in  Progress  Report  No.  2,  Figure  3« 

A  summary  of  the  work  executed  during  this  period  follows* 


Power-Force  Programming  Equipment 
A.  Povjer  Programming 

Circuiti^’-  has  been  designed  and  assembled  to  control  the  application 
of  ultrasonic  welding  power  on  the  basis  of  any  program  set  out  on  the 
pov;er  control  panel  (Figures  1  and  3A)# 

Initial  measurements  of  the  power  control  signal  programmed  in  pro¬ 
gressive  10  percent  increments  of  the  pre-set  maximum  signal  level  show 
that  the  power  control  signal  does  not  respond  with  uniform  increments 
(Figures  3-A  and  3  B-1).  This  is  due  to  the  electronic  circuitry  constants 
associated  with  the  oscillator  drive  and  its  coupling  circuits  into  the 
power  amplifiers*  Such  deviation  from  linearity  will  be  corrected# 

3,  Force  Programming 

It  was  previously  shown  (Figure  l-B,  Progress  Report  No#  2)  that  various 
devices  controlling  the  aorlied  clamping  force  did  not  have  sufficiently  fast 
response  to  meet  the  requirements  that  have  appeared  necessary#  A  high- 
response  servo  valve  and  associated  servo  amplifier  were  adapted  for  use  on 
the  laboratory  welder  shown  in  Figure  1. 

Figure  2  siimmarizes  the  results  obtained  progressively  with  the  force 
system  to  date#  Figure  2-A  reproduces  an  actual  strip-chart  oscillogram  of 
the  clamping  force  when  a  single  step  signal  is  applied  to  the  system  in¬ 
corporating  the  shear  valve  (as  reported  In  Progress  Report  No#  2)# 
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Figure  2-B  shows  the  actual  response  wtien  a  step  signal  is  applied  to  the 
system  incorporating  the  new  servo  valve  and  amplifier#  Figure  2-C  repro¬ 
duces  several  previous  response  plots  (curves  B,  C,  and  D  which  were  des¬ 
cribed  in  Figure  1-B,  Progress  Report  No#  2)  and  the  properly  scaled  response 
curve  of  *B”*  Thus,  the  servo  valve  and  associated  amplifier  permit  reali¬ 
zation  of  the  force  response  requirements  initially  deemed  desirable# 

Scouting  investigations  were  carried  out  with  the  complete  power-force 
program  controlled  welder  in  joining  O.OUO-inch  thick  and  O.O^O-inch  thick 
202U-T3  bare  aluminum  and  using  O.Ol^-inch  Mo-0.5Ti#  No  quantitative  weld 
data  have  yet  been  obtained,  but  it  appears  that  the  power-force  program 
control  system  is  functioning  as  intended# 


Weldment  Materials 


The  materials  selected  for  this  investigation  include  Inconel -X  and 
AISI  30b  stainless  steel  for  the  preliminary  evaluation  of  power-force 
programming,  plus  Ho-0#5Ti,  one  columbium-base  alloy  and  tungsten  for  later 
work#  Inconel-X  has  been  secured  in  0.02$  and  0.031-inch  thickness,  and 
the  AISI  30li  stainless  steel  in  0«030,  0#0b0,  and  0#0^0  inch  thickness# 

It  has  not  yet  been  possible  to  secure  any  of  the  three  refractories  with 
the  desired  quality.  Such  metals  acquired  previously  have  exhibited  serious 
surface  and  subsurface  contamination,  brittleness,  and  recrystallization# 

Review  of  information,  and  discussion  with  manufacturers  and  users  of 
refractory  metals*  produced  sufficient  information  on  Mo-0,5Ti  and  tungsten 
to  establish  procurement  specifications  for  these  two#  However,  the  re- 
crystallization  encountered  in  D-31  columbium  alloy,  and  the  lack  of  rigor¬ 
ous  information  concerning  it,  indicated  that  this  alloy  can  probably  not 
be  procured  currently  in  the  desired  consistent  quality#  D-31  columbium 
alloy  should  probably  be  dropped  from  the  investigation,  and  one  of  the 
columbium-base  refractory  alloys  listed  below  substituted#  Available  tech¬ 
nical  information,  consultation  with  material  manufacturers,  and  carefol 
consideration  of  the  requirements  for  consistent  hi^-quality  metal,  indi¬ 
cate  that  one  of  these  should  be  satisfactory. 


Alloy 

Manufacturer 

B-33 

Westin^ouee 

B-66 

C-103 

Wah  Chang 

FS-82 

Fansteel 

Procurement  of  Mo-O.^Ti,  tungsten,  B-33,  and  C-103  is  in  process,  and 
efforts  to  procure  small  quantities  of  B-66  and  FS-82  are  being  made# 


*  A  summary  of  this  research  effort,  including  communication  with  various 
manufacturers,  will  be  included  in  a  later  report# 
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Future  Work 

1«  The  completely  assembled  power-force  program  system  will  be  utilised 
in  exploratory  welding  of  materials  on  which  much  data  Is  available* 
aluminum  alloys,  30U  stainless  steel,  and  Inconel-X  with  the  view  to 
deteimilnlng  the  effects  on  strengfth,  and  weld-quality  variation* 

2.  Continued  effort  to  obtain  quality  materials. 
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Materials  Mechanics  k  Structures 
Branch 

Systems  Management  Office 

1  Fansteel  Metallurgical  Corporation 

North  Chicago,  Illinois 
Attn:  Mr*  Alan  F.  Busto,  Technical 
Administrator 

1  Massachusetts  Institute  of  Technology 

Cambridge  39,  Massachusetts 
Attn:  Dr.  Walter  A*  Backofen 

Associate  Prof,  of  Metallurgy 

1  Grumman  Aircraft  Engineering  Corp, 

Bethpage,  Long  Island,  New  York 
Attn:  Mr*  Earl  Morris,  Materials 
Engineering 
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Contract  NOir-63-0125-c 


DISTRIBUTION  LIST  (Concluded) 


1  Coirmanding  Officer 
Picatinny  Arsenal 
Dover,  New  Jersey 
Attn:  Mr.  George  Van  Syckle 
Building  6^,  TAWC 

1  Massachusetts  Institute  of  Technology 

Department  of  Aeronautics  and  Astronautics 
Instrumentation  Laboratory 
Cambridge  39,  Massachusetts 
Attn:  Miss  Betty  Robinson 
Ass*to  librarian 

1  Delco  Remy  Division 

General  Motors  Cornoration 
Anderson,  Indiana 

Attn:  Mr.  J.  Ro  West,  Piress  Dept* 

1  Inspecbor  of  Naval  Material 

10  Nortli  8th  Street 
Reading,  Pennsylvania 

1  Branson  Instruments,  Incorporated 

37  Brown  House  Road 
Stamford,  Connecticut 

1  P.  R*  Mallory  and  Company,  Inc* 

Indianapolis  6,  Indiana 
Attn:  Mr*  A.  5.  Doty,  Director, 

Technical  Services  Laboratories 
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